Introduction: St. John's Wort (Hypericum perforatum L.) is a plant from the Hypericaceae family commonly occurring in Europe, Asia, Africa and North America. It is used for medical purposes, for example in depression, viral or bacterial diseases, as well as diseases of the digestive system. St. John's Wort is a source of hypericin as well as flavonoids useful to reduce the harmful effects of free radical action. The aim of the study was to evaluate the antioxidant activity of alcoholic and aqueous extracts of H. perforatum. Materials and methods: St. John's Wort extracts were prepared in ethanol, methanol and isopropanol (each of 40%, 70% (v/v) and undiluted) and in water, with ultrasound-assisted extraction. Plant samples were extracted for 15, 30 and 60 min, and the antioxidant potentials of the extracts evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) aand ferric reducing antioxidant power (FRAP).
INTRODUCTION
St. John's Wort (Hypericum perforatum L.) is a widely distributed plant of the Hyperiacaceae family, found commonly in Europe, Asia, Africa and North America, mainly in dry and sunny fields, meadows and forests. The stem of the plant is characterized by opposing leaves and can reach a height of 60 cm. Yellow star-shaped flowers are located at the tops of the shoots [1, 2] . Flowering shoots of St. John's Wort are used as medicinal raw material, from which oil or alcohol extracts are made [3] .
The properties of St. John's Wort are among the best-studied and most-described herbs. Extracts from this plant are characterized by health-promoting properties, and preparations containing this herb are very popular in Europe and the United States [4] . St. John's Wort contains a lot of biologically active compounds, of which the most commonly described appear to be hypericin and pseudohypericin ( Fig. 1) and their derivatives, belonging to the naphthodianthrone group. In addition, flavonoids (including quercetin, kaempferol, luteolin), phloroglucinol derivatives (including hyperforin and adhyperforin) as well as xanthones and tannins are present in this plant. Moreover, this herb is a source of essential oil [2, 5, 6] . Preparations containing hypericin, hyperforin and biflavonoids (apigenin) are primarily used as anti-depressants [7] . In addition, there are several reports on the antiviral, antibacterial and anticancer properties of St. John's Wort extracts. Preparations containing this plant can be also used as agents supporting wound healing and to prevent the development of Alzheimer's disease, as well as to support the treatment of gastrointestinal disorders, such as stomach mucosa inflammation [3, 4, 8] . As previously mentioned, St. John's Wort is a source of flavonoids, a group of compounds with proven antioxidant activity. Their content in this plant varied 2-5% [6] . Taking into account the negative impact of oxidative stress on the body and the protective effect of antioxidants, it seems to be important to search for natural sources of antioxidants. There are numerous reports confirming the antioxidant potential of extracts made from H. perforatum [9, 10, 11] . However, when using preparations containing St. John's Wort extracts, the possibility of adverse effects, including digestive tract disorders as well as skin reactions, mainly due to the photosensitizing potential of hypericin and pseudohypericin, should be also taken into account [3] . In addition, these substances may interact with other drugs applied in the treatment of cardiovascular or digestive system disorders, or with anti-inflammatory, anticancer or antimicrobial preparations [4] .
The aim of the study was to determine the antioxidant activity of H. perforatum extracts prepared by ultrasound-assisted extraction. The impact of the kind of solvent, the concentration and duration of the extraction process on the antioxidant potential of the obtained extracts were also evaluated.
MATERIALS AND METHODS
2.2-diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-Tris(2-pyridyl)s-triazine (TPTZ), 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox) were purchased from Sigma Aldrich, USA; iron (III) chloride hexahydrate and iron (II) sulfate heptahydrate were from Merck Darmstadt, Germany, 36% hydrochloric acid, anhydrous sodium acetate, potassium persulfate, methanol, isopropanol and 99.5% acetic acid, all of p.a. purity, were from Chempur, Piekary Śląskie, whereas ethanol from Linegal Chemicals, Poland.
The plant raw material consisted of the entire aboveground part of fresh St. John's Wort, i.e. stem, leaves, and flowers, harvested from agricultural wasteland located in Szczecin at the beginning of the flowering period, in June 2017. To obtain 5% extracts, ultrasound-assisted extraction for 15, 30 and 60 min at room temperature were used with the following solvents: distilled water, 40%, 70% and 99.8% (v/v) methanol, 40%, 70% and 96% (v/v) ethanol and 40%, 70% and 99.7% (v/v) isopropanol. The antioxidant potential of 5% extracts were evaluated using DPPH and ferric reducing antioxidant power (FRAP) techniques as described previously [12, 13, 14] . Three independent samples were prepared for each extract. In the case of DPPH method, the results are expressed as an arithmetical mean (± standard deviation -SD) of radical scavenging activity (%RSA) as well as an arithmetical mean (±SD) of trolox equivalents (mg trolox/g raw material). For FRAP method, the results are presented as the arithmetical mean (±SD) of iron (II) sulfate equivalents -mg FeSO4/g raw material.
The differences between the antioxidant activity of extracts determined by each method were evaluated using the Wilcoxon test assuming a level of significance of α = 0.05. Moreover, Pearson's correlation coefficients between the results obtained with FRAP and DPPH methods were calculated. Statistical analysis was performed using Statistica 12 (StatSoft, Poland) and Prostat 5.5 (Poly Software International, Inc. USA).
RESULTS
All the H. perforatum extracts evaluated by DPPH and FRAP methods showed antioxidant activity (Tab. 1). Antioxidant potential evaluated with DPPH technique varied from 2.42 ±0.03 to 4.37 ±0.03 mg trolox/g of raw material (corresponding to of 53.89 ±0.60 to 91.98 ±0.50 %RSA) - Figure 2 . Using DPPH method, the highest antioxidant activities of over 4.00 mg trolox/g raw material were found for the samples extracted the longest, with the exception of the water extracts (3.56 mg trolox/g raw material) and those prepared in 40% and 99.7% isopropanol -3.78 and 3.21 mg trolox/g raw material, respectively. Extracts obtained with 15 and 30 min extraction showed lower activity than the extracts prepared with 1 h extraction, except the samples prepared in concentrated methanol: 4.19 ±0.02 (15 min) and 4.23 ±0.04 (30 min) and concentrated ethanol -4.01 ±0.03 mg trolox/g raw material (30 min) - Table 1 . The reducing potential assessed with FRAP method ranged from 1.40 ±0.02 for aqueous extracts obtained after 15 min extraction, to 37.82 ±0.11 mg FeSO4/g raw material for extracts prepared in concentrated methanol over 60 min. The highest activity was found for samples prepared in concentrated methanol, at all extraction times: 19.42 ±0.04 mg FeSO4/g of raw material (15 min), 24.59 ±0.02 mg FeSO4/g of raw material (30 min) and 37.82 ±0.11 mg FeSO4/g raw material (60 min). In contrast, the aqueous extracts, especially those extracted during 15 and 30 min, showed the lowest reduction abilities, at 1.40 ±0.02 and 1.74 ±0.02 mg FeSO4/g of raw material, respectively.
The antioxidant activity of St. John's Wort extracts assessed by the DPPH method differed significantly from the potential determined by the FRAP technique (Wilcoxon test z = -0.638; p < 0.0001). However, both methods correlated with each other to a statistically significant degree (r = 0.544; p = 0.002). Figure  3 shows the relationship between the results obtained with both the above-mentioned methods. 
DISCUSSION
St. John's Wort (Hypericum perforatum L.) is an herb widely distributed all over the world, mainly in Europe, Asia, Africa and North America. In the presented study, the antioxidant activity of the extracts of St. John's Wort harvested during the flowering period has been evaluated. To obtain extracts in 4 solvents, i.e. 40% (v/v), 70% (v/v) and undiluted ethanol, methanol, isopropanol as well as in distilled water, ultrasound-assisted extraction for 15, 30 or 60 min was applied. Antioxidant activity of the obtained extracts was assessed by DPPH and FRAP methods. All the extracts showed antioxidant activity evaluated with these both methods, however, this parameter differed between the samples, depending on the applied extracting and length of this process.
In case of the DPPH method, antioxidant activity ranged from 2.42 mg trolox/g raw material, equivalent to 53% RSA for extracts prepared in undiluted isopropanol for 15 min, to 4.37 mg trolox/g raw material corresponding to 91% RSA FRAP (mg FeSO 4 /g raw material)
DPPH (mg trolox/g raw material)
for samples prepared in 70% (v/v) methanol, within 60 min. The ferric reducing capacity evaluated by the FRAP method ranged from 1.40 mg FeSO 4 /g raw material for extracts prepared in water (15 min) to 37.82 mg FeSO 4 /g raw material for extracts in concentrated methanol (60 min). Napoli et al. studied the antioxidant capacity of 11 species of Hypericum grown in Sicily. All the species had antioxidant activity ranging from 0.57 mmol trolox/g raw material for H. aegypticum L. to 3.50 mmol trolox/g raw material for H. androsaemum L. [15] . Béjaoui et al. tested H. humifusum and H. perfoliatum by DPPH method and found antioxidant potentials of 84.63 µmol trolox/g and 52.31 µmol trolox/g of raw material, respectively. They also observed the ferric reducing capacity of 80.23 and 50 mmol Fe 2+ /g raw material for H. humifusum and H. perfoliatum, respectively. Moreover, the studied St. John's Wort species were also characterized by a high content of total polyphenols (48-113 mg gallic acid/g raw material), flavonoids (8-41 mg quercetin/g raw material) as well as hypericin and hyperforin (60-90 and 8-30 mg/g raw material, respectively) [16] .
Antioxidant activity of plant extracts depends not only on the length of extraction but also on the solvent used. These factors are important parameters in the evaluation of the antioxidant activity of plant extracts [17, 18] . Pawlak and Sielicka came to the conclusion that the differences between the antioxidant activity of the extracts in the various solvents were associated with their dissimilar polarity [19] . Sekeroglu et al. compared ethanolic and aqueous extracts prepared from different parts of St. John's Wort, i.e. flowers, stems and leaves. Ethanolic extracts of leaves (with RSA of 84%), followed by flowers (RSA of 72%) and stems (RSA of 54%) showed the highest radical scavenging potential. In contrast, the corresponding values for aqueous extracts were lower -63% for the flower, 53% for leaf and 33% for stem [10] . Pawlak and Sielicka evaluated the antioxidant potential of chokeberry extracts in different solvents. They found a higher content of phenolic compounds when using solvents diluted with water compared to undiluted. The most effective extractant in that case was a mixture of acetone and water (50:50 by vol.) [19] . However, in our study, higher antioxidant activities were found for extracts in undiluted alcohols, i.e. in most methanolic and ethanolic extracts, moreover, the antioxidant potential of the extracts increased with the increasing concentration of the solvent. Using the FRAP method, the activities of some tested samples in concentrated solvents were up to several times higher compared to the extracts in diluted solvents. Furthermore, in most cases the antioxidant activity of the extracts decreased if the molecular weight of the alcohol used as extractant increased. Therefore, the results of our study confirm the observations of others that the antioxidant activity is affected by the extraction time, in most cases a prolongation of the ultrasound-assisted extraction time of the raw material enhanced the antioxidant activity. Wang et al. suggested that to obtain a high content of active compounds from plants, the most optimal extraction time in the ultrasonic bath is 25 min with an ethanol concentration of 64% at an optimal temperature of 60°C [20] . However, the results of our study suggested that, regardless of the analytical method used, the optimal extraction time is 60 min, using 70% or 99.8% methanol. It should be added that in our study, extraction was performed at an ambient temperature, which may be one the reason for the observed differences.
The antioxidant potential (assessed by DPPH and expressed as %RSA) of extracts from various herbs, for instance marjoram (Origanum majorana L.) [21] , knotweed (Polygonum aviculare L.), wormwood (Artemisia absinthium L.) and yellow sweetclover (Melilotus officinalis L.) [22] are similar. These observations may confirm the usefulness of St. John's Wort as a valuable source of natural antioxidants.
CONCLUSIONS
1. Hypericum perforatum L. is characterized by a high antioxidant activity, measured by DPPH and FRAP methods.
2. The solvent used for ultrasound-assisted extraction could influence the antioxidant activity of the extracts. A higher antioxidant activity was observed for the extracts in concentrated alcohols, especially in methanol and ethanol.
3. Longer extraction times markedly increased the antioxidant activity of the obtained extracts.
4. Due to their high antioxidant activity, St. John's Wort extracts could be used as valuable ingredients in cosmetics and pharmaceutical industries. However, some restrictions due to e.g. their photosensitizing effects, should be borne in mind.
